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Objectives. To identify determinants of Bacillus Calmette–Guérin (BCG) vaccination among children born in
Québec, Canada, in 1974, the last year of the systematic vaccination campaign.
Method. A retrospective birth cohort was assembled in 2011 through probabilistic linkage of administrative
databases (n = 81,496). Potential determinants were documented from administrative databases and by
interviewing a subset of subjects (n = 1643) in 2012. Analyses were conducted among subjects with complete
data, 71,658 (88%) birth cohort subjects and 1154 (70%) interviewed subjects, then redone using multiple
imputation. Determinants of BCG vaccination during the organized vaccination program (in 1974), and after
the program (1975 onwards) were assessed separately. Logistic regression with backward elimination was
used to estimate odds ratios (ORs) and 95% conﬁdence intervals (CIs).
Results. Overall, 46% of subjects were BCG vaccinated, 43% during the program and 4% after it ended. BCG
vaccination during the program was associated with parents' birthplace and urban or rural residence. BCG
vaccination after the organized program was only related to ethnocultural origin of the child's grandparents.
Conclusion.Different factorswere related to vaccinationwithin and after the organizedprogram.Determinants
of BCG vaccination in Québec, Canada, have never been studied and will be useful for future research and
vaccination campaigns.© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
The Bacillus Calmette–Guérin (BCG) vaccine has been used since
1921 for tuberculosis (TB) prevention (Fine et al., 1999). Between
1949 and 1974, the Province of Québec (Canada) had a government-
funded non-mandatory vaccination program providing this vaccine to
infants and tuberculin-negative individuals, targeting especially new-
borns and school-aged children (Frappier, 1972; Frappier and Cantin,
1966; Frappier et al., 1971). The Québec BCG Vaccination Registry,
representing 4 million vaccination certiﬁcates from 1926 to 1992, is
still kept at Institut national de la recherche scientiﬁque (INRS)— Institut
Armand-Frappier (IAF) in paper and electronic formats.nﬁdence Intervals; GDP, Gross
c; MCMC, Markov Chain Monte
unity and Health.
ics Unit, INRS—Institut Armand-
Laval (QC) H7V 1B7, Canada.
C. Rousseau).
. This is an open access article underOur team is conducting a large population-based study, the Québec
Birth Cohort on Immunity and Health (QBCIH, 1974–1994), aiming to
assess whether BCG vaccination is associated with childhood asthma.
Factors related to vaccination, if also related to asthma and not on the
causal pathway, might confound this association (Szklo and Nieto,
2007).
In industrialized countries, higher childhood vaccination rates have
been associated with: (1) familial characteristics such as higher house-
hold income (Goodman et al., 2000; Linton et al., 2003; Middleman
et al., 1999), older maternal age (Bundt and Hu, 2004; Daniels et al.,
2001; Haynes and Stone, 2004), positive perception of vaccine efﬁcacy
and safety (Gore et al., 1999; Hak et al., 2005; Meszaros et al., 1996);
(2) child characteristics such as younger age (Faustini et al., 2001;
Goodman et al., 2000; Owen et al., 2005), early birth order (Bardenheier
et al., 2004; Tohani et al., 1996), and good health (Tarrant and
Gregory, 2003), and; (3) institutional factors including easy access to
immunization facilities (Bourne et al., 1993; Fredrickson et al., 2004;
Gamertsfelder et al., 1994; Mack and Darden, 1999; Yawn et al., 2000)
and school characteristics (Fredrickson et al., 1997; Linton et al.,the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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described, except that rates were higher in rural (80%) than in urban
(60%) areas (Frappier et al., 1971).
We aimed to identify the determinants of BCGvaccination – including
socio-economic, demographic, and individual characteristics – among
children born in the province of Québec in 1974. Furthermore, we
aimed to assess if these determinants differed between subjects who
received BCG within the vaccination program (in 1974), and those
vaccinated after the program had ended (1975 onwards).
Methods
Study design
Our study was conducted in two stages. Firstly, a retrospective birth
cohort – the Québec Birth Cohort on Immunity and Health (QBCIH) – was
established by record linkage of administrative databases. Secondly, tele-
phone interviews were conducted on a subset of subjects using a two-stage
sampling strategy with a balanced design (Collet et al., 1998). Ethical approval
was obtained fromall institutions involved and the provincial Commission d'accès
à l'information.
Stage 1 birth cohort — data sources, record linkage, and variables
The QBCIH was assembled in 2011 through probabilistic linkage of several
provincial administrative databases. These included the Birth Registry, the
2010 Healthcare Registration File (universal public health system), and the
Québec BCG Vaccination Registry. Children born in the province of Québec,
Canada, in 1974at≥32 weeksof gestationwere eligible. A cohort of 81,496 sub-
jects was assembled, representing 90.5% of eligible persons. Potential determi-
nants of BCG vaccination were extracted from the Birth Registry (9 variables):
gender, number of older siblings, parents' age at child birth, parents' birthplace
classiﬁed by % gross domestic product (GDP) used on health expenditure
(WHO, (2010 data); Zwerling et al., n.d.), child's birth weight, gestational age,
and birth weight for gestational age. Two additional variables based on the
subject's 1991 postal code extracted from the Healthcare Registration File
were considered: rural or urban residence according to the Canada Post deﬁni-
tion (Statistics Canada, 1991) and median census family income (Statistics
Canada, 1991).
Stage 2 interviews — recruitment, participation, and variables
In 2012, subjects were randomly sampled for recruitment to a telephone
interview among 4 strata deﬁned by cross-tabulating BCG vaccination (vac-
cinated or not) and asthma status (asthmatic deﬁned by ≥2 asthma-related
medical service claims or≥1 hospitalization according to health databases).
In a balanced design, a similar number of subjects are recruited within each
stratum (Collet et al., 1998). Although approved by the ethics committees,
the research team was not granted access to subjects' telephone numbers
by the healthcare provider. A valid telephone number was found for 70%
of subjects and among those, the participation rate was 56% (n = 1643)
and did not vary by strata. Interviews included questions on several topics
including sociodemographic and perinatal characteristics, as well as child-
hood environment. Parents' employment status and education level,
breastfeeding (yes/no), parental smoking, perceived family ﬁnancial situa-
tion in childhood, and grandparents' ethnocultural origin were considered
as potential determinants.
BCG vaccination status
BCG vaccination status was documented in the Québec BCG Vaccination
Registry and classiﬁed in three categories: not vaccinated, vaccinated duringNotes to Table 1:
a This is the subset of subjects from Stage 1 with no missing values for the 11 selected vari
b This is the subset of subjects from Stage 2who had nomissing values for the 9 selected var
gathered from administrative databases.
c Based on % gross domestic product (GDP) dedicated to health expenditures (WHO, 2010
d This category and the following one were combined to fulﬁll data presentation requireme
e Between gestational ages of 21 and 44 weeks, ‘very small’ if birth weight b5th percentile,
weighed N90th percentile (Kramer et al., 2001). All percentiles were extrapolated based on inf
problems with data quality) between 1994 and 1996.the provincial program (in 1974), or vaccinated after the program (1975
onwards). Since b1% of vaccinated subjects received the vaccine more than
once, only the ﬁrst-time vaccination was considered.
Statistical analysis
Analyses were done on three different complete datasets: (1) subjects
without missing values for the 11 variables documented in administrative
databases; (2) subjects without missing values for the 9 variables from inter-
views; and (3) subjects without missing values on variables from both sources,
as selected in the previous two steps. Among each complete set, separate logistic
regressionmodelswere constructed bymanual backward elimination processes
for vaccination in each period (during/after the provincial program), contrasting
those vaccinated with those who were not. Odds ratios (ORs) and 95% conﬁ-
dence intervals (CI) were estimated. Then, multiple imputations by the Markov
Chain Monte Carlo (MCMC) method (UCLA, n.d.) were performed, given
the non-monotone missing pattern. After each complete set analysis, MCMC
multiple imputations (5 imputed datasets for Stage 1 sample, and 20 for Stage
2 sample) were carried out, and ORs and 95% CI were estimated for the full
dataset.
Models were built as follows. The variables documented in administra-
tive databases were analyzed in the ﬁrst complete set. The initial model in-
cluded all variables with p-values b0.25 from univariable models. At each
step, the variable with the highest p-value was considered for elimination,
but given the large sample size, even weak associations were highly signif-
icant. The variable was removed if the goodness-of-ﬁt was unchanged or
improved; it was kept if the goodness-of-ﬁt decreased upon removing it
based on the Akaïke Information Criterion (AIC) (Burnham and Anderson,
2002).
The variables collected at interview were analyzed in the second complete
set. The same criteria as before were used for initial selection of variables.
However, ﬁnal models from the backward elimination process were based on
statistical signiﬁcance and included variables with a p-value b0.05.
Similar regression models were constructed using variables from both
sources (administrative databases and interviews), as selected in previous
steps. These analyses were conducted with the third complete set, using back-
ward elimination as in the second set of analyses.
Regression models involving data from interviews was adjusted for asthma
occurrence (yes/no), in order to correct for the sampling fractions from the
Stage 1 to Stage 2 sample (Collet et al., 1998). Analyses were carried out using
SAS Enterprise Guide, version 4.2.Results
Selected characteristics of the study population, as documented
in administrative databases, are presented in Table 1. On one hand,
distributions of these characteristics were virtually the same in the
birth cohort (N= 81,496) and among subjects with complete informa-
tion (N= 71,658). On the other hand, telephone interview participants
were more likely to be females, of higher socioeconomic status, and to
have parents born in Québec than subjects in the birth cohort. However,
differences between responders and non-responders did not signiﬁ-
cantly vary across the 4 sampling strata, suggesting that no bias was
introduced (Gouvernement du Québec. Institut de la statistique du
Québec, 2012). Out of the entire birth cohort (n = 81,496), 46.4% of
individuals were BCG vaccinated: 42.8% had their ﬁrst vaccination
during the program (in 1974) which coincided with their ﬁrst year of
life, whilst 3.6% were vaccinated for the ﬁrst time in later years, after
the organized program. Among vaccinated individuals, 364 (0.96%)
received the BCG vaccine more than once.ables from administrative databases.
iables collected by interview. However, these subjectsmay havemissing values in variables
data).
nts of Institut de la statistique du Québec (n ≥ 5 per cell).
‘small’ if b10th percentile, ‘appropriate’ if between 10th and 90th percentile, and ‘large’ if
ants born in all of the Canadian provinces and territories (except Ontario, excluded due to
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view, among Stage 2 participants (n= 1643) and in a subset without
missing data (n = 1154). The distributions of these characteristicsTable 1
Selected characteristics of the study population, as documented in administrative databases, 1
Birth cohort
(N = 81,496)
Stage 1 subjec
complete set
(N = 71,658)
N % N
BCG vaccination status
Non vaccinated 43,647 53.6 36,623
Vaccinated in 1974 34,870 42.8 32,456
Vaccinated after 1974 2890 3.6 2579
Uncertain 89
Gender
Male 41,687 51.2 36,657
Female 39,804 48.8 35,001
Missing 5
Number of older siblings
0 36,342 46.8 32,940
1 25,420 32.7 23,920
2 9492 12.2 8866
N2 6396 8.2 5932
Missing 3846
Mother's age at child birth
14–24 29,519 36.8 25,565
25–29 31,858 39.7 28,958
30–39 17,815 22.2 16,195
≥40 1035 1.3 940
Missing 1269
Father's age at child birth
14–24 13,898 17.8 12,685
25–29 32,862 42.0 30,124
30–39 27,419 35.0 25,159
≥40 4050 5.2 3690
Missing 3267
Mother's birthplace, by health expenditure (HE)c
Québec 69,776 87.5 63,644
High HE country 7560 9.5 6097
Mid-level HE country 1873 2.4 1463
Low HE country 542 0.7 454
Missing 1745
Father's birthplace, by health expenditure (HE)c
Québec 67,098 86.3 62,843
High HE country 7777 10.0 6456
Mid-level HE country 2235 2.9 1839
Low HE country 634 0.8 520
Missing 3752
Birth weight
Very low, b1500 g 149 0.2 110
Low, [1500–2499 g] 5763 7.1 4813
Normal, [2500–4200 g] 73,093 89.7 64,549
High,≥4200 2477 3.0 2189
Missing 14
Gestational age
Premature, b37 weeks 11,064 13.6 9577
At-term, [38–42] 68,153 83.6 60,115
Post-term, N42 2275 2.8 1966
Missing 4
Birth weight for gestational agee
Very small 12,450 15.3 10,735
Small 6779 8.3 5963
Appropriate 54,814 67.3 48,483
Large 7436 9.1 6477
Missing 17
Residential area
Rural 23,221 29.5 21,416
Urban 55,522 70.5 50,242
Missing 2753
Median census family income
Q1: $23,360–35,333 20,049 25.7 18,388
Q2: $35,334–40,668 19,130 24.5 17,651
Q3: $40,669–47,290 19,430 24.9 17,844
Q4: $47,291–79,902 19,504 25.0 17,775
Missing 3383were very similar in the two groups. It is noteworthy that for approx-
imately three-quarters of subjects, all grand-parents were of French
ancestry.974 Québec Birth Cohort on Immunity and Health.
ts
a
Stage 2 participants
(N = 1643)
Stage 2 participants
complete set
(N = 1154)b
% N % N %
51.1 750 45.6 520 45.1
45.3 826 50.3 584 50.6
3.6 67 4.1 50 4.3
51.2 683 41.6 460 39.9
48.8 960 58.4 694 60.1
0
46.0 812 52.1 586 53.0
33.4 456 29.3 326 29.5
12.4 187 12.0 120 10.9
8.3 103 6.6 74 6.7
85 48
35.7 562 34.9 387 33.9
40.4 666 41.4 493 43.2
22.6 363 22.6 252 22.1
1.3 18 1.1 9 0.8
34 13
17.7 260 16.4 182 16.0
42.0 718 45.4 524 46.2
35.1 531 33.5 387 34.1
2.7 74 4.7 41 3.6
60 20
88.8 1484 92.7 1050 92.3
8.5 92 5.8 70 6.2
2.0 20 1.2 18d 1.6d
0.6 5 0.3
42 16
87.7 1427 90.7 1026 90.9
9.0 112 7.1 78 6.9
2.6 24 1.5 17 1.5
0.7 10 0.6 8 0.7
70 25
0.2 127d 7.7d 87d 7.6d
6.7
90.1 1483 90.3 1046 90.6
3.0 33 2.0 21 1.8
13.4 224 13.6 158 13.7
83.9 1371 83.4 962 83.4
2.7 48 2.9 34 3.0
15.0 257 15.6 173 15.0
8.3 156 9.5 117 10.2
67.7 1100 67.0 772 67.0
9.0 129 7.9 91 7.9
1 1
29.9 445 27.6 298 26.2
70.1 1169 72.4 839 73.8
29 17
25.7 376 23.5 251 22.2
24.6 419 26.2 286 25.3
24.9 410 25.6 289 25.6
24.8 395 24.7 303 26.8
43 25
Table 2
Selected characteristics of participants in the Stage 2 telephone interviews, 1974 Québec
Birth Cohort on Immunity and Health.
Stage 2
participants
(N = 1643)
Stage 2
participants
complete set
(N = 1154)
N % N %
Mother's employment status
Employed 950 59.8 698 60.5
Non-employed or stayed home 639 40.2 456 39.5
Missinga 54
Father's employment status
Employed 1547 99.2 1142 99.0
Non-employed or stayed home 12 0.8 12 1.0
Missinga 84
Mother's highest education level
Primary 442 29.7 341 29.6
Secondary 596 40.0 446 38.6
College 222 14.9 172 14.9
University 228 15.3 195 16.9
Missinga 155
Father's highest education level
Primary 497 34.4 396 34.3
Secondary 479 33.1 370 32.1
College 158 10.9 141 12.2
University 312 21.6 247 21.4
Missinga 197
Breastfeeding of subject
Yes 421 27.3 329 28.5
No 1121 72.7 825 71.5
Missinga 101
Mother's smoking status during pregnancy
Yes 486 31.3 361 31.3
No 1067 68.7 793 68.7
Missinga 90
Father's smoking status at child birth
Yes 932 61.0 701 60.8
No 595 39.0 453 39.2
Missinga 116
Family ﬁnancial situation in childhood
Comfortable 481 29.6 371 32.2
Intermediate 920 56.7 650 56.3
Difﬁcult 222 13.7 133 11.5
Missinga 20
Grandparents' ethnocultural origin
All French ancestry 1189 73.6 849 73.6
At least one French ancestry 286 17.7 202 17.5
At least one English ancestry 55 3.4 40 3.5
All othersb 86 5.3 63 5.5
Missinga 27
a Missing includes ‘don't know’, ‘prefers not to answer’, ‘not applicable’, and missing.
b All others include Italian, Greek, Portuguese, Jewish, other European, Arabic, Black,
Latin-American, Asian, First Nations, and other ancestry.
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(1) Variables documented in administrative databases
Estimates of associations for potential determinants of BCG vacci-
nation documented in administrative databases are presented in
Table 3. In the adjusted model, vaccination within the BCG pro-
gramwas associatedwith father's age; vaccinationwas less likely
if fathers were aged 14–24 years (OR = 0.92, 95% CI 0.88–0.96)
or aged ≥40 years (OR = 0.84, 95% CI 0.77–0.90) compared
with fathers aged 25–29 years at child birth. Babies born
post-term were less likely to be vaccinated within the pro-
gram (OR = 0.75, 95% CI 0.68–0.83) as compared with those
born at-term. Very low, low and high birth weights were all
related to a signiﬁcantly lower likelihood of BCG vaccination
during the program; OR = 0.26 (95% CI 0.16–0.42) for very
low, OR = 0.63 (95% CI 0.59–0.68) for low, and OR = 0.90
(95% CI 0.82–0.98) for high when contrasted with normal
birth weight. Parents born outside of Québec were much lesslikely than those born in Québec to have had their children
BCG vaccinated during the program. Urban residents also
had a lower likelihood of BCG vaccination than rural ones
(OR = 0.70, 95% CI 0.67–0.72). Finally, median census family
income was inversely related with BCG vaccination during
the program.
After the organized vaccination program, children were more
likely to be vaccinated if they had no older siblings, their par-
ents were born in Québec, and they resided in areas with the
lowest census median family income.
(2) Variables documented from interviews
As presented in Table 4, vaccination within the program was
more likely amongchildrenwhosemother only attended primary
school (OR = 0.53, 95% CI 0.36–0.78 for college; OR = 0.55, 95%
CI 0.38–0.79 for university education compared with primary
school only) andwhose grandparents were all of French ancestry
(OR = 0.54, 95% CI 0.41–0.71 for “others” as compared to all of
French ancestry).
Vaccination after the organized program was only related to
grand-parents' ethnocultural origin; those of other ancestry
were signiﬁcantly less likely to be vaccinated than those whose
grandparents were all of French ancestry (OR = 0.38, 95% CI
0.18–0.83).
(3) Combined variables from both sources
The determinants of BCG vaccination identiﬁed in ﬁnal models
combining variables from both sources are presented in Table 5.
Among 1320 subjects who had no missing values for factors
previously selected from both administrative databases and
interviews, vaccination during the organized program was more
likely among those whose parents were born in Québec (OR =
0.38, 95% CI 0.20–0.75 for mother and OR = 0.25, 95% CI 0.14–
0.46 for father born elsewhere compared with born in Québec)
and among rural residents (OR = 0.50, 95% CI 0.38–0.65 for
urban compared with rural residents).
Vaccination after the program was only related to grandparents'
ancestry (OR= 0.40, 95% CI 0.19–0.84 for other ancestry as com-
pared with all grandparents being of French ancestry).
The same results were observed in the full datasets upon
conducting multiple imputations (data not shown).
Discussion
In the current study, we used probabilistic techniques to link birth
records from1974 in Québec (Canada)with the provincial BCG vaccina-
tion registry, and conducted interviews with a subset of subjects. The
present report aimed to identify the determinants of BCG vaccination
in this population.
Predictors of BCG vaccination
Predictors of vaccination during the BCG programwere not the same
as those for vaccination afterwards. Vaccination during the program,
when considering only variables from administrative databases, was
related to father's age at child birth, gestational age, birthweight, parents'
birthplace, residential area, and census median family income. From
variables documented in the interview, only mother's education and
grandparents' ethnocultural origin were identiﬁed. When considering
all those factors together, only parents' birthplace and residential area
remained as determinants of BCG vaccination during the program
which targeted newborns and school-aged childrenwhowere tubercu-
lin negative.
Vaccination after the program, according to factors documented in
administrative databases, was related to number of older siblings,
parents' birthplace, and census median family income. Grandparents'
ethnocultural origin was the only interview-documented factor associ-
ated with BCG vaccination after the program, and was the only
Table 3
Association of BCG vaccination with child and family related characteristics, as documented in administrative databases, among Stage 1 subjects with complete data (N = 71,658), 1974
Québec Birth Cohort on Immunity and Health.
Non vaccinated
(n = 36,623)
Vaccination during organized program
(n = 32,456)
Vaccination after organized program
(n = 2579)
% % Unadjusted
OR (95% CI)a
Adjusted model
ORadj (95% CI)b
% Unadjusted
OR (95% CI)a
Adjusted model
ORadj (95% CI)b
Gender Punivariate = 0.1220 Punivariate = 0.9743
Male 51.4 50.8 Ref. 51.4 Ref.
Female 48.6 49.2 1.02 (0.99–1.06) 48.6 1.00 (0.92–1.08)
Birth weight for gestational agec Punivariate b 0.0001 Punivariate = 0.0656
Very small 15.8 13.8 0.84 (0.81–0.88) 17.2 1.08 (0.97–1.21)
Small 8.3 8.3 0.96 (0.91–1.02) 8.1 0.96 (0.83–1.12)
Appropriate 66.6 68.9 Ref. 66.8 Ref.
Large 9.2 9.0 0.95 (0.90–1.00) 7.9 0.86 (0.74–1.00)
Number of older siblings Punivariate = 0.1872 Punivariate b 0.0001
0 45.8 45.7 Ref. 52.2 Ref. Ref.
1 33.7 33.2 0.99 (0.96–1.02) 30.6 0.80 (0.73–0.87) 0.80 (0.73–0.87)
2 12.2 12.7 1.04 (0.99–1.09) 10.2 0.73 (0.64–0.84) 0.72 (0.63–0.83)
N2 8.2 8.4 1.03 (0.97–1.09) 7.0 0.75 (0.64–0.88) 0.69 (0.59–0.81)
Mother's age at child birth Punivariate b 0.0001 Punivariate b 0.0001
14–24 years 34.7 36.5 1.04 (1.00–1.07) 38.9 1.13 (1.03–1.24)
25–29 40.1 40.7 Ref. 39.8 Ref.
30–39 23.7 21.6 0.90 (0.86–0.93) 20.2 0.86 (0.77–0.96)
≥40 1.4 1.2 0.81 (0.71–0.93) 1.0 0.73 (0.50–1.08)
Father's age at child birth Punivariate b 0.0001 Punivariate b 0.0001
14–24 years 17.2 18.2 1.00 (0.96–1.04) 0.92 (0.88–0.96) 19.4 1.02 (0.92–1.14)
25–29 40.8 43.2 Ref. Ref. 45.1 Ref.
30–39 36.3 34.1 0.89 (0.86–0.92) 0.97 (0.94–1.00) 31.0 0.77 (0.70–0.85)
≥40 5.7 4.5 0.75 (0.70–0.80) 0.84 (0.77–0.90) 4.6 0.72 (0.60–0.88)
Gestational age Punivariate b 0.0001 Punivariate = 0.6522
Premature, b37 weeks 13.1 13.7 1.05 (1.00–1.09) 1.00 (0.95–1.04) 13.6 1.05 (0.93–1.18)
At-term, [38–42] 83.9 83.9 Ref. Ref. 83.5 Ref.
Post-term, N42 3.0 2.4 0.78 (0.71–0.86) 0.75 (0.68–0.83) 2.9 0.94 (0.74–1.20)
Birth weight Punivariate b 0.0001 Punivariate = 0.0046
Very low, b1500 g 0.2 0.1 0.29 (0.18–0.47) 0.26 (0.16–0.42) 0.2 1.05 (0.46–2.41)
Low, [1500–2499] 7.8 5.3 0.66 (0.62–0.71) 0.63 (0.59–0.68) 9.4 1.23 (1.07–1.41)
Normal, [2500–4200] 88.7 91.8 Ref. Ref. 87.8 Ref.
High, N4200 3.3 2.8 0.83 (0.76–0.91) 0.90 (0.82–0.98) 2.5 0.78 (0.60–1.00)
Mother's birthplace, by health expenditure (HE)d Punivariate b 0.0001 Punivariate b 0.0001
Québec 81.7 96.4 Ref. Ref. 94.6 Ref. Ref.
High HE country 13.6 3.1 0.19 (0.18–0.21) 0.38 (0.35–0.41) 4.3 0.27 (0.22–0.33) 0.45 (0.36–0.56)
Mid-level HE country 3.6 0.4 0.10 (0.08–0.12) 0.27 (0.22–0.34) 0.9 0.22 (0.14–0.33) 0.35 (0.20–0.60)
Low HE country 1.2 0.1 0.06 (0.04–0.08) 0.18 (0.11–0.30) 0.2 0.14 (0.06–0.35) 0.35 (0.12–1.08)
Father's birthplace, by health expenditure (HE)d Punivariate b 0.0001 Punivariate b 0.0001
Québec 80.2 95.7 Ref. Ref. 93.5 Ref. Ref.
High HE country 14.2 3.5 0.21 (0.20–0.22) 0.41 (0.38–0.44) 4.8 0.29 (0.24–0.35) 0.50 (0.40–0.62)
Mid-level HE country 4.3 0.7 0.13 (0.11–0.15) 0.36 (0.30–0.44) 1.5 0.29 (0.21–0.40) 0.62 (0.41–0.94)
Low HE country 1.3 0.1 0.08 (0.06–0.11) 0.32 (0.21–0.47) 0.2 0.16 (0.07–0.35) 0.39 (0.14–1.08)
Residential area Punivariate b 0.0001 Punivariate b 0.0001
Rural 23.1 37.5 Ref. Ref. 31.1 Ref.
Urban 76.9 62.5 0.50 (0.48–0.52) 0.70 (0.67–0.72) 68.9 0.67 (0.61–0.73)
Median census family income Punivariate b 0.0001 Punivariate b 0.0001
Q1: $23,360–35,333 22.4 29.3 Ref. Ref. 26.6 Ref. Ref.
Q2: $35,334–40,668 22.4 26.9 0.92 (0.88–0.96) 0.99 (0.94–1.03) 28.7 1.08 (0.97–1.21) 1.04 (0.94–1.16)
Q3: $40,669–47,290 24.9 24.9 0.76 (0.73–0.80) 0.92 (0.88–0.97) 24.9 0.84 (0.75–0.94) 0.85 (0.76–0.95)
Q4: $47,291–79,902 30.4 18.9 0.48 (0.46–0.50) 0.65 (0.62–0.68) 19.8 0.55 (0.49–0.62) 0.57 (0.51–0.64)
a Unadjusted odds ratios (OR) and 95% conﬁdence intervals (CI). Variableswith p-valuesb0.25 inunadjustedmodelswere included in the backward elimination processes to determine
the adjusted models.
b Mutually adjusted ORs and 95% CI for variables selected in ﬁnal multivariate models.
c Between gestational ages of 21 and 44 weeks, ‘very small’ if birth weight b5th percentile, ‘small’ if b10th percentile, ‘appropriate’ if between 10th and 90th percentile, and ‘large’ if
weighed N90th percentile (Kramer et al., 2001). All percentiles were extrapolated based on infants born in all of the Canadian provinces and territories (except Ontario, excluded due
to problems with data quality) between 1994 and 1996.
d Based on % gross domestic product (GDP) dedicated to health expenditures (WHO, 2010 data).
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In 1975, BCG was recommended mainly in high risk groups (health
professionals or people in contact with active TB, immigrants and First
Nations) in high risk areas (Ministère des Affaires sociales, 1975).
From 1976, in addition to the above, newborns and children aged be-
tween 6 and 12 years were vaccinatedwith BCG if they were: (1) Inuits
or Amerindians; (2) immigrants originating from a country with high
TB incidence; and (3) tuberculin-negative individuals who lived at
poverty threshold, especially in larger towns (Ministère des Affaires
sociales, 1976).Our study revealed an important contribution of the subject's
ethnocultural background in determining the likelihood of BCG vaccina-
tion, both the parents' and grandparents' origin. Individuals born to
immigrant parents were much less likely to be vaccinated than those
whose parentswere born inQuébec. Aswell, the subject's grandparents'
ethnocultural origin was the sole and strong predictor of vaccination
after the period of the provincial program. These observations are in
agreementwith a study conducted among immigrant children in Ontar-
io (Canada), in which subject's region of origin was the most inﬂuential
determinant of immunization compliance, after adjusting for individual,
Table 4
Associations of child and family related characteristics, as documented from interviews, with BCG vaccination among Stage 2 participants with complete data (N = 1154), 1974 Québec
Birth Cohort on Immunity and Health.
Non vaccinated
(n = 520)
%
Vaccination during organized program
(n = 584)
Vaccination after organized program
(n = 50)
% Unadjusted
OR (95% CI)a
Adjusted model
ORadj (95% CI)b
% Unadjusted
OR (95% CI)a
Adjusted model
ORadj (95% CI)b
Mother's employment status Punivariate = 0.2914 Punivariate = 0.0844
Employed 61.5 58.4 Ref. 74.0 Ref.
Non-employed or stayed home 38.5 41.6 1.14 (0.89–1.45) 26.0 0.56 (0.29–1.08)
Father's employment status Punivariate = 0.7048 Punivariate = 0.9898
Employed 99.0 98.8 Ref. 100.0 –
Non-employed or stayed home 1.0 1.2 1.25 (0.39–3.96) 0 –
Mother's highest education level Punivariate = 0.0012 Punivariate = 0.8642
Primary 25.2 33.9 Ref. Ref. 24.0 Ref.
Secondary 38.1 39.6 0.78 (0.58–1.04) 0.77 (0.58–1.04) 34.0 0.94 (0.43–2.03)
College 17.3 12.2 0.52 (0.36–0.77) 0.53 (0.36–0.78) 22.0 1.32 (0.56–3.14)
University 19.4 14.4 0.55 (0.39–0.80) 0.55 (0.38–0.79) 20.0 1.07 (0.44–2.59)
Father's highest education level Punivariate = 0.0098 Punivariate = 0.7389
Primary 30.6 38.0 Ref. 30.0 Ref.
Secondary 32.3 31.7 0.79 (0.59–1.06) 34.0 1.06 (0.51–2.21)
College 11.7 12.3 0.85 (0.57–1.26) 16.0 1.38 (0.56–3.42)
University 25.4 18.0 0.57 (0.41–0.79) 20.0 0.79 (0.34–1.83)
Breastfeeding of subject Punivariate = 0.0117 Punivariate = 0.9653
Yes 31.9 25.2 Ref. 32.0 Ref.
No 68.1 74.8 1.40 (1.08–1.82) 68.0 0.99 (0.53–1.84)
Mother's smoking during pregnancy Punivariate = 0.5790 Punivariate = 0.9996
Yes 32.1 30.5 Ref. 32.0 Ref.
No 67.9 69.5 1.08 (0.83–1.39) 68.0 1.00 (0.54–1.86)
Father's smoking at child birth Punivariate = 0.8065 Punivariate = 0.1944
Yes 61.5 60.8 Ref. 52.0 Ref.
No 38.5 39.2 1.03 (0.81–1.31) 48.0 1.47 (0.82–2.64)
Family ﬁnancial situation in childhood Punivariate = 0.0843 Punivariate = 0.7960
Comfortable 33.3 31.2 Ref. 32.0 Ref.
Intermediate 57.5 55.3 1.03 (0.79–2.37) 56.0 1.02 (0.54–1.94)
Difﬁcult 9.2 13.5 1.56 (0.79–1.33) 12.0 1.38 (0.51–3.75)
Grandparents' ethnocultural origin Punivariate b 0.0001 Punivariate = 0.0154
All French ancestry 66.7 78.8 Ref. Ref. 84.0 Ref. Ref.
Othersc 33.3 21.2 0.54 (0.41–0.71) 0.54 (0.41–0.71) 16.0 0.38 (0.18–0.83) 0.38 (0.18–0.83)
a Odds ratios (OR) and 95% conﬁdence intervals (CI) were unadjusted for the other potential determinants considered, but were adjusted for asthma status (yes/no) to correct for the
two-stage sampling fractions. Variables with p-values b0.25 in univariate models were included in the backward elimination processes to determine the adjusted models.
b Mutually adjusted ORs and 95% CI for variables in same column (selected in ﬁnal multivariate models), and adjusted for asthma status (yes/no) to correct for the two-stage sampling
fractions.
c Others include ≤3 French ancestry, ≥1 English ancestry, Italian, Greek, Portuguese, Jewish, other European countries, Arabic, Black, Latin-American, Asian, and First Nations.
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2008). Vaccination compliance was also higher in Australian-born
than among immigrant children (Jones et al., 1992).
Residential areawas an important predictor of vaccinationwithin the
BCG program. In the 1950s, tuberculin reactivity test and vaccinationTable 5
Associations of child and family related characteristics among Stage 2 participants, consider
N = 1320), 1974 Québec Birth Cohort on Immunity and Health.
Non vaccinated
(n = 572)
%
% Vaccination dur
(n = 691)
Final model
ORadj (95% CI)a
Mother's birthplace
Québec 86.9 97.8 Ref.
Outside Québec 13.1 2.2 0.38 (0.20–0.75
Father's birthplace
Québec 83.6 97.4 Ref.
Outside Québec 16.4 2.6 0.25 (0.14–0.46
Residential area
Rural 19.1 35.4 Ref.
Urban 80.9 64.6 0.50 (0.38–0.65
Grandparents' ethnocultural origin
All French ancestry
Othersc
a Odds ratios (OR) and 95% conﬁdence intervals (CI) were adjusted for other variables in the
b Mother's and father's birthplace could not be used in this model, because there were too f
c Others include ≤3 French ancestry, ≥1 English ancestry, Italian, Greek, Portuguese, Jewishrates in Québec were estimated to be 80% in rural areas and less than
60% in large cities (Frappier et al., 1971). We also observed a higher
vaccination coverage among rural inhabitants, as reported elsewhere
(Bundt and Hu, 2004; Faustini et al., 2001; Harmanci et al., 2003;
Haynes and Stone, 2004). Faustini suggested that this tendency mighting factors documented in both administrative databases and interview (complete set,
ing organized program % Vaccination after organized program
(n = 57)
Final model
ORadj (95% CI)a,b
)
)
)
84.2 Ref.
15.8 0.40 (0.19–0.84)
ﬁnal model, and for asthma status (yes/no) to correct for the two-stage sampling fractions.
ew subjects whose mother or father was born outside of Québec.
, other European countries, Arabic, Black, Latin-American, Asian, and First Nations.
93J. Li et al. / Preventive Medicine 66 (2014) 87–94be explained by the relative scarcity of healthcare resources per
capita in urban settings. In large cities where a vast susceptible
population is targeted in a vaccination campaign, the per capita
availability could be inadequate despite a greater number of clinics
(Faustini et al., 2001).
Our results on parents' birthplace and grandparents' ancestry, in
the context of the province of Québec, may relate to the minority
English-speaking community which was generally not in favor of BCG
vaccination, similarly to most other provinces in Canada and the USA
(Malissard, 1998). Vaccination after the program was only related to
grandparents' ethnocultural origin, and was much more likely among
those of French ancestry. AmongStage 2 participants, almost allmothers
and fathers of those who were vaccinated after the program were born
in Québec, preventing us from considering parents' birthplace in
the ﬁnal model. The association with grandparents' ancestry may
again reﬂect the greater acceptance of this vaccine in the French-
speaking community. This highlights the importance of reaching all
subgroups of the population when providing education about vac-
cines, including immigrants, marginalized individuals, and health
professionals catering for them. Pertinent beyond our industrialized
setting, this observation would analogously apply to developing and
TB endemic countries.Strengths and limitations
The current project is the largest and most comprehensive assess-
ment of the determinants of non-mandatory BCG vaccination in an
industrialized country. Our study beneﬁted from data quality and high
statistical power, in addition to complementary data collected on a
subset of subjects on factors that were not available in administrative
databases.
Recruitment of participants is vulnerable to selection bias. In our
study, if factors related to non-response were linked to immunization
rates, such non-response could result in biased associations. Although
there were some differences between responders and non-responders
(gender, socioeconomic status, parents birthplace), these characteristics
were the same across the 4 sampling strata, suggesting that no bias was
introduced (Gouvernement du Québec. Institut de la statistique du
Québec, 2012). Some BCG immunized children may not have been
recorded in the Central BCG registry during the study period (1974–
1994); if this occurred itwould result in non-differentialmisclassiﬁcation
and a bias towards the null. A limitation worth noting is the lack of
information on family history of TB, parents' knowledge of TB, and
whether relatives or friends had TB, which would have been especially
relevant for vaccination after the program.Conclusion
In conclusion, this is the ﬁrst study comprehensively examining
determinants of BCG vaccination in the Québec population. Compared
with those non-vaccinated, a childwasmore likely to be BCG vaccinated
within the program if he/she had Québec-born parents, and lived in a
rural area. Having grandparents of French ancestry was the main
determinant of vaccination after the organized programended. Findings
from the current study will be useful in our research, helping to identify
potential confounders of the association between BCG vaccination and
asthma occurrence in the Québec population. More generally, the
importance of parents' birthplace and ancestry in relation to BCG
vaccination highlights the importance for vaccine providers of reaching
all population subgroups, which is pertinent globally including in TB
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